Abstract-According to the transport characteristics of PM2.5 and adjoint assimilation scheme, a PM2.5 adjoint assimilation model was constructed. Two ideal distributions of PM2.5 initial field were prescribed by the pollution condition of Chinese mainland. Experiment results indicated that mean absolute errors (MAEs) of observations and inverted results, and MAEs of inversion results and prescribed distribution decreased greatly after assimilation. The inversion results were also nearly equal to the prescribed distributions, indicating that this model could efficiently invert the PM2.5 initial field. Besides, the inversion efficiency could be raised if ratio of effective observations was increased.
I. INTRODUCTION
Numerical model is one of the most effective ways to investigate PM2.5 [1] [2] [3] . The initial filed is the most important factors in PM2.5 simulation, which is often obtained from interpolation or other techniques. The 4-dimensional variational (4D-Var) data assimilation technique involved the adjoint method, which is one of the most effective and powerful approaches, was used by several researchers to estimate the initial conditions. In Elbern et al. [4] 4D-Var was applied to assimilate chemistry observations into a comprehensive tropospheric gas phase mode to find the correct initial values for a subsequent atmospheric model. Zhao et al. [5] applied the adjoint method to invert the model parameters and optimize the initial COD concentrations. Wang et al. [6] applied the adjoint model to estimate the initial total nitrogen distribution in the Bohai Sea. In our study, the adjoint method is applied to the PM 2.5 transport model, and the PM 2.5 initial filed is estimated.
II. MODEL
Based on the wind background field, an advection-diffusion equation of PM2.5 involved in this study can be of the form:
Where C represents the PM2.5 concentration, u and v are the horizontal wind velocity in x-coordinate and y-coordinate, respectively, A H is the horizontal diffusivity coefficient, and  is the source term.
According to the typical theory of Lagrangian multiplier method, the adjoint equation can be developed, which is in the following form
Where C * is the adjoint variable of C, and K c is the weight coefficient of observations. The cost function J with respect to the initial PM2.5 value C 1 is calculated as
The computing area and the distribution of routine monitoring stations are depicted in Fig. 1 . The domain is encompassed over China (70ºE～140ºE，20ºN～55ºN).The horizontal resolution for the model is 0.5º× 0.5º. The integral time step is 600s and the assimilation window is 5 days. The background wind filed data are derived from the National Centers for Environmental Prediction (NCEP) winds daily averaged for each 2.5º latitude by 2.5º longitude regions. prescribed by the real PM2.5 condition in China, which is shown in Figure 2 , in which (a) and (b) will be marked as PD1-PD2, respectively. The initial guess value of PD1 and PD2 are prescribed as 35μg/m 3 和 80μg/m 3 .The iteration steps are set as 300. Experiments of PD1 and PD2 inversion are marked as Ex1 and Ex2.
The inversion results can be evaluated by the difference between 'observations' and simulated values, and the mean absolute error (MAE) between the prescribed and the inverted distribution. Differences between inverted results and observations and MAEs between inverted results and prescribed distributions are depicted in Table 1 , and the inversion results are shown in Figure 3 . MAEs of observations and inverted results decrease by at least 84.8%, and MAEs of distributions decrease by at least 48.8%. The inversion results are also relatively similar to the prescribed distributions. We can deduce that the adjoint method has a strong ability of inverting the prescribed PM2.5 initial distributions. The initial guess values are selected as those distributed in most regions of the prescribed distributions. Observations are actually not implemented in regions where initial guess values are equal to prescribed distributions; in other regions they play decisive roles. Observation points where initial guess values are unequal to prescribed distributions are marked as 'effective observation points (EOPs)'. The number of EOP is 60 for PD1, while 6 for PD2 which might be not enough for inversion. PD2 are not commendable inverted compared to PD1. We guess that lack of EOPs in Ex2 is the main reason. In order to verify our guess, observations on the east of 113°E are deleted, and in the west China observation points are increased 54 (Figure 4(a) ). Red, blue and white plus signs are represented as the deleted, preserved, and increased observations, respectively.
Inversion results are depicted in Figure 4 (b). We can find that the inversion result is significantly improved by increasing EOPs. The MAE of observations is decreased from 1.27μg/m 3 to 0.33μg/m 3 , decreasing by 74.0 ﹪ which is obviously greater than that of Ex2. MAE of inversion result and prescribed distribution is decreased by 98.6 ﹪ . The number of EOP takes a significant effect on the inversion result, and inversion result will be largely improved by increasing the number of EOP. 
IV. CONCLUSIONS
The initial filed is often obtained from interpolation or other techniques, which inevitably causes large simulation errors. In this study, a PM2.5 adjoint assimilation model was constructed to invert the PM2.5 initial concentration. Two distributions were prescribed by the pollution condition of Chinese mainland. This model was applied to inverting the forementioned two distributions. Experiment results indicated that MAEs of observations and inverted results, and MAEs of inversion results and prescribed distribution decrease greatly after assimilation. The inversion results were also nearly equal to the prescribed distributions, indicating that PM2.5 initial field could be efficiently inverted by this model. Besides, the inversion efficiency could be raised if EOPs was increased.
